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Executive Summary

On September 8, 1994, about 1903:23 eastern daylight time, USAir (now US
Airways) flight 427, a Boeing 737-3B7 (737-300), N513AU, crashed while maneuvering
to land at Pittsburgh International Airport, Pittsburgh, Pennsylvania. Flight 427 was
operating under the provisions of 14 Code of Federal Regulations Part 121 as a scheduled
domestic passenger flight from Chicago-O'Hare International Airport, Chicago, lllinois, to
Pittsburgh. The flight departed about 1810, with 2 pilots, 3 flight attendants, and 127
passengers on board. The airplane entered an uncontrolled descent and impacted terrain
near Aliquippa, Pennsylvania, about 6 miles northwest of the destination airport. All 132
people on board were killed, and the airplane was destroyed by impact forces and fire.
Visual meteorological conditions prevailed for the flight, which operated on an instrument
flight rules flight plan.

The National Transportation Safety Board determines that the probable cause of
the USAIr flight 427 accident was a loss of control of the airplane resulting from the
movement of the rudder surface to its blowdown limit. The rudder surface most likely
deflected in a direction opposite to that commanded by the pilots as a result of a jam of the
main rudder power control unit servo valve secondary slide to the servo valve housing
offset from its neutral position and overtravel of the primary slide.

The safety issues in this report focused on Boeing 737 rudder malfunctions,
including rudder reversals; the adequacy of the 737 rudder system design; unusual attitude
training for air carrier pilots; and flight data recorder (FDR) parameters.

Safety recommendations concerning these issues were addressed to the Federal

Aviation Administration (FAA). Also, as a result of this accident, the Safety Board issued

a total of 22 safety recommendations to the FAA on October 18, 1996, and February 20,
1997, regarding operation of the 737 rudder system and unusual attitude recovery
procedures. In addition, as a result of this accident and the United Airlines flight 585
accident (involving a 737-291) on March 3, 1991, the Safety Board issued three
recommendations (one of which was designated “urgent”) to the FAA on February 22,
1995, regarding the need to increase the number of FDR parameters.
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Abbreviations

AAIB Air Accidents Investigation Branch

AC advisory circular

ACO Aircraft Certification Office

AD airworthiness directive

AFIP Armed Forces Institute of Pathology
AFA Air Force Academy

AFM airplane flight manual

AFS auto-flight system

agl above ground level

ALPA Air Line Pilots Association

APU auxiliary power unit

ARAC Aviation Rulemaking Advisory Committee
ASB Alert Service Bulletin

ASRS Aviation Safety Reporting System

ATC air traffic control

ATP airline transport pilot

ATR Avions de Transport Regional

BAC British Aerospace Corporation

BWI Baltimore-Washington International Airport
CAM cockpit area microphone

CAMI Civil Aeromedical Institute

CDR critical design review

CFR Code of Federal Regulations

CMD command (autopilot mode)

CRM crew resource management

CVR cockpit voice recorder

CWS control wheel steering (autopilot mode)
DER Designated Engineering Representative
DNA deoxyribonucleic acid

DOT Department of Transportation
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EDP
EDS
E/E bay
EGT
EMI
EPR

FAA
FAR
FBI
FD
FDAU
FDR
FL
FSIB

GPR
GPWS

HBAT
HIRF
Hg
HRC
Hz

IFR
IOE
IRS

KCAS
KIAS

LIDAR
LOFT
LVDT
LWD

engine-driven hydraulic pump
energy dispersive x-ray spectrum
electrical/electronic compartment
exhaust gas temperature
electromagnetic interference
engine pressure ratio

Fahrenheit

Federal Aviation Administration
Federal Aviation Regulations
Federal Bureau of Investigation
flight director

flight data acquisition unit

flight data recorder

flight level

Flight Standards Information Bulletin

ground penetration radar
ground proximity warning system

Handbook Bulletin for Air Transportation
High-intensity radiated fields

mercury

Hardness Rockwell C (scale)

Hertz

instrument flight rules
initial operating experience
inertial reference system

knots calibrated airspeed
knots indicated airspeed

Light Distancing and Ranging
line-oriented flight training

linear variable displacement transducer
left wing down



Abbreviations Xiii Aircraft Accident Report

M-CAB multipurpose cab (simulator)

MCP mode control panel

MM Maintenance Manual

MPD Maintenance Planning Document

MRB Maintenance Review Board

MSG-3 Maintenance Steering Group 3

msl mean sea level

N1 engine fan speed

N2 engine compressor speed

NAS National Aerospace Standard

NASA National Aeronautics and Space Administration
NCAR National Center for Atmospheric Research
NG next generation

nm nautical mile

NOAA National Oceanic and Atmospheric Administration
NPRM notice of proposed rulemaking

NTSB National Transportation Safety Board
OEM original equipment manufacturer

ORD Chicago-O’Hare International Airport
OSHA Occupational Safety and Health Administration
OTS Officer Training School

PA public address

PADDS portable airborne digital data system

PC production certificate

PCU power control unit

PF pilot flying

PIT Pittsburgh International Airport

PIT TRACON Pittsburgh terminal radar approach control
PMA parts manufacturing approval

P/N part number

PNF pilot not flying

POI principal operations inspector

PPE personal protective equipment

PSA Pacific Southwest Airlines

psi pounds per square inch
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QAR

RA
RWD

SAE
SB
SEM
SET
SFAR
SL
S/N

TOGA
T/R

UCP
USAF

VFR
VMS

WSFO
WSR-88D

quick access recorder

radio altitude
right wing down

Society of Automotive Engineers
service bulletin

scanning electron microscope
special events training

Special Federal Aviation Regulation
service letter

serial number

takeoff/go-around
thrust reverser

Unified Command Post
U.S. Air Force

visual flight rules
vertical motion simulator

Weather Service Forecast Office
Weather Surveillance Radar
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Glossary of Terms

Acceptance Test Procedure (for the Boeing 737 main rudder power control unitp
series of post-production functional tests used by Parker Hannifin Corporation to
measure the performance of the main rudder power control unit (PCU).

Actuator: A device that transforms fluid pressure into mechanical force.

Adverse tolerance buildup: A description for a condition in which the assembling
(stacking) of a series of parts, all of which are individually built within tolerances (that
is, within an allowable deviation from a standard), has an adverse result.

Aileron: An aerodynamic control surface that is attached to the rear, or trailing, edges of
each wing. When commanded, the ailerons rotate up or down in opposite directions.

Auto-flight system: A system, consisting of the autopilot flight director system and the
autothrottle, that provides control commands to the airplane’s ailerons, flight spoilers,
pitch trim, and elevators to reduce pilot workload and provide for smoother flight. The
auto-flight system does not provide control commands to the 737 airplane’s rudder
system.

Bank: The attitude of an airplane when its wings are not laterally level.

Block maneuvering speed: The recommended maneuvering speeds for each flap
configuration that provide, for all airplane weights, adequate airspeed for maneuvering
in at least a 40 bank without activation of the stickshaker. The “block” term
simplified the concept so that a single airspeed was specified for all airplane weights
less than 117,000 pounds; thus, airplanes operating at weights lighter than 117,000
pounds (such as the USAIr flight 427 accident airplane) had a greater maneuvering
margin.

Blowdown limit: The maximum amount of rudder travel available for an airplane at a
given flight condition/configuration. Rudder blowdown occurs when the aerodynamic
forces acting on the rudder become equal to the hydraulic force available to move the
rudder.

Blue water: Lavatory fluid. Boeing’s Blue Water Assessment Team reviewed fluid
contamination in the electrical/electronic compartment (E/E bay) from various
potential sources, including lavatories, galleys, rainwater, and condensation.

Catastrophic failure condition: A failure condition that will prevent continued safe
flight and landing. (Source: Federal Aviation Administration Advisory Circular
25.1309-1A)

Command mode: A position on the two autopilot flight control computers that, when
engaged, allows the autopilot to control the airplane according to the mode selected
via the Mode Selector Switches, which include Altitude Hold, Vertical Speed, Level
Change, Vertical Navigation, VOR Localizer, Lateral Navigation, and Heading Select.
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Compliance (when referring to PCU linkages)The elastic deformation of PCU internal
input linkages that does not damage the linkages but allows additional motion.

Computer simulation: A term in this accident report that refers to models of the USAIr
flight 427, United flight 585, and Eastwind flight 517 upsets that were used to develop
potential accident scenarios. The Safety Board’s computer workstation-based flight
simulation software used flight controls, aerodynamic characteristics, and engine
models (developed by Boeing) to derive force and moment time histories of the
airplanes. The Board developed its own equations to convert these forces and
moments into airplane motion. Boeing performed similar flight simulations on its own
computer workstations.

Control wheel steering mode:A position on the two autopilot flight control computers
that, when engaged, allows the autopilot to maneuver the airplane through the
autoflight system in response to control pressure, similar to that required for manual
flight, applied by either pilot. The use of control wheel steering does not disengage the
autopilot.

Cross-coupled:The ability of the aerodynamic motion about an airplane’s control axes to
constantly interact and affect each other in flight.

Crossover airspeedThe speed below which the maximum roll control (full roll authority
provided by control wheel input) can no longer counter the yaw/roll effects of a rudder
deflected to its blowdown limit.

Directional control: The function that is normally performed by the rudder by pilot input
or yaw damper input. (Also known as yaw control.)

Dual jam (as used in this accident report)The simultaneous jams of the main rudder
PCU primary to secondary slides and the secondary slide to the servo valve housing.

Dutch roll: A combination yawing and rolling oscillations that is an inherent
characteristic of all swept-wing airplanes.

E/E bay: An airplane compartment that contains electrical and electronic components.

Elevator: An aerodynamic control surface to the back of the horizontal stabilizer that
moves the airplane’s nose up and down to cause the airplane to climb or descend.

Empennage: The tail section of an airplane, including stabilizing and flight control
surfaces.

Extremely improbable failure condition: A condition that is so unlikely that it is not
anticipated to occur during the entire operational life of all airplanes of one type and
that has a probability on the order ok 1.0° or less each flight hour based on a flight
of mean duration for the airplane type. (Source: Federal Aviation Administration
Advisory Circular 25.1309-1A.)

Flap: An extendable aerodynamic surface usually located at the trailing edge of an
airplane wing. The 737 also has an extendable aerodynamic surface located at the
wing’s leading edge, which is called a Krueger flap.
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G: A unit of measurement. One G is equivalent to the acceleration caused by the earth’s
gravity (32.174 feet/séc

Galling: A condition in which microscopic projections or asperities bond at the sliding
interface under very high local pressure. Subsequently, the sliding forces fracture the
bonds, tearing metal from one surface and transferring it to the other.

Heading: The direction (expressed in degrees between 001 any B6Qvhich the
longitudinal axis of an airplane is pointing, in relation to north.

Hinge moment: The tendency of a force to produce movement about a hinge; specifically,
the tendency of the aerodynamic forces acting on a control surface to produce motion
about the hinge axis of the surface.

Hydraulic fluid: Liquid used to transmit and distribute forces to various airplane
components that are being actuated.

Hydraulic pressure limiter: A device incorporated in the design of the main rudder PCU
on all 737 next-generation (NG) series airplanes to reduce the amount of rudder
deflection when active. It is commanded to limit hydraulic system A pressure (using a
bypass valve) as the airspeed is increased to greater than 137 knots, and it is reset as
the airspeed is decreased to less than 139 knots.

Hydraulic pressure reducer: A modification on 737-100 through -500 series airplanes to
reduce the amount of rudder authority available during those phases of flight when
large rudder deflections are not required. The pressure reducer, added to hydraulic
system A near the rudder PCU, will lower the hydraulic pressure from 3,000 to 1,000
pounds per square inch (psi) on 737-300, -400, and -500 series airplanes or to 1,400
psi on 737-100, and -200 series airplanes.

Hydraulic system A (for 737-300, -400, and -500 series airplaned): system that
includes an engine-driven hydraulic pump and an electrically powered pump that
provides power for the ailerons, rudder, elevators, landing gear, normal nosewheel
steering, alternate brakes, inboard flight spoilers, left engine thrust reverser, ground
spoilers, the system A autopilot, and the autoslats through the power transfer unit.

Hydraulic system B (for 737-300, -400, and -500 series airplaned): system that
includes an engine-driven hydraulic pump and an electrically powered pump that
provides power for the ailerons, rudder, elevators, trailing edge flaps, leading edge
flaps and slats, autoslats, normal brakes, outboard flight spoilers, right thrust reverse,
yaw damper, the system B autopilot, autobrakes, landing gear transfer unit, and
alternate nose-wheel steering (if installed).

Input shaft (of the 737 main rudder PCU): When rudder motion is commanded, this
device moves the primary and secondary dual-concentric servo valve slides by way of
the primary and secondary internal summing levers to connect hydraulic pressure and
return circuits from hydraulic systems A and B so that hydraulic pressure is ported to
the appropriate sides of the dual tandem actuator piston to extend or retract the main
rudder PCU piston rod.

Interpolation: The determination, or approximation, of unknown values based on known
values.
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Iteration: A process used by the Safety Board that includes repeating Board computer
simulations to compare the flights of USAIr flight 427, United Airlines flight 585, and
Eastwind Airlines flight 517 with available flight data recorder (FDR) data from those
flights. The simulation process includes inputting assumed flight control surface
(aileron, rudder, and elevator) positions, running the flight simulations, and comparing
the output of the simulations (for example, altitude, airspeed, and heading) with FDR
data.

Kinematics: A process used by Boeing and the Safety Board that involves fitting curves
through available FDR data (such as heading, pitch, and roll), obtaining flight control
time history rates from these curves, and obtaining accelerations from these rates.
Forces, moments, and aerodynamic coefficients are then obtained from these
accelerations using Newton’s Laws.

Knot: A velocity of 1 nautical mile per hour.

Linear variable displacement transducer: An electromechanical device that measures
linear movement and converts the measurement into an electrical signal (output
voltage) that relates position to signal. In the 737 main rudder PCU, it is used to sense
the yaw damper position. (Also referred to as a linear variable displacement
transformer.)

M-CAB: A Boeing multipurpose cafight simulator that can be modified to simulate a
variety of aircraft models and scenarios. It is an engineering simulator that is capable
of simulating events that are outside of normal flight regimes, but it is not used for
flight training.

Metering edges:The sides of grooves that are cut into the land surface of the primary or
secondary slides of the main rudder PCU servo valve. Flow of hydraulic fluid is
controlled by positioning a metering edge relative to a metering port (that is, a
rectangular hole in the valve housing and secondary slide through which hydraulic
fluid flows). Metering occurs when the metering edge opens and closes the metering
port.

Minimum tolerance servo valve: A servo valve used by Boeing during thermal shock
testing (for this accident investigation) because it had the tightest diametric clearances
(between the primary and secondary slides and the secondary slide and valve housing)
that would pass the PCU acceptance test procedure friction requirements.

NG: Boeing’'s next-generation 737 series, designated as the 737-600, -700, -800, and -900
models.

Overtravel: The ability of a device to move beyond its normal operating position or
range. Within the main rudder PCU servo valve, overtravel of the primary or
secondary slides would be the result of elastic deformation of the mechanical input
mechanism.

Pitch control: The function that is performed by the elevator by moving the control
column forward or aft, which raises or lowers the nose of the airplane.

Portable airborne digital data system:A self-contained flight test data recording system
developed by Boeing that was installed on a flight test airplane to record parameters
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needed to evaluate airplane performance. For USAir 427 and Eastwind 517 flight
testing, the system recorded all data at a sampling rate of 20 times per second.

Power control unit (PCU): A hydraulically powered device that moves a control surface,
such as a rudder, elevator, and aileron.

Roll: Rotation of an airplane about its longitudinal axis.

Roll control: The function that is performed by the ailerons and flight spoilers by moving
the control wheel to the right or the left.

Rotor (when referring to weather): An atmospheric disturbance produced by high
winds, often in combination with mountainous terrain, and expressed by a rotation rate
(in radians per second), a core radius (in feet), and a tangential speed (in feet per
second). Rotation can occur around a horizontal or vertical axis.

Rudder: An aerodynamic vertical control surface that is used to make the airplane yaw, or
rotate, about its vertical axis.

Rudder control quadrant: A device in the rudder system that connects rudder cables to
control rods to transmit rudder system inputs.

Reverse rudder response:A rudder surface movement that is opposite to the one
commanded.

Rudder hardover: The sustained deflection of a rudder at its full (blowdown) travel
position.

Rudder trim: A system that allows the pilots to command a steady rudder input without
maintaining foot pressure on the rudder pedals. It can be used to compensate for the
large yawing moments generated by asymmetric thrust in an engine-out situation.

Servo valve (in the 737 main rudder PCU)A valve used to control rudder direction and
rate of movement. The valve comprises a primary slide that moves within a secondary
slide that, in turn, moves within the servo valve housing. These slides direct hydraulic
fluid through passages to cause rudder movement.

Servo valve housing (in the 737 main rudder PCU)A cylinder-shaped assembly that
contains hydraulic fluid passages and interacts with the servo valve secondary slide.

Servo valve primary slide (in the 737 main rudder PCU):A cylindrical piston that
moves within the servo valve secondary slide. It is moved by an internal primary
summing lever, which translates inputs from the yaw damper and/or the external input
crank (which moves when a pilot applies pressure to a rudder pedal) into axial
movement of the primary slide.

Servo valve secondary slide (in the 737 main rudder PCUX cylindrical “sleeve” that
encloses the servo valve primary slide. It is moved by the internal secondary summing
lever, which translates inputs from the yaw damper and/or the external input crank
(which moves when a pilot applies pressure to a rudder pedal) into axial movement of
the secondary slide.

Sideload: The effect of lateral acceleration, typically the result of sideslip or yaw
acceleration.
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Sideslip: The lateral angle between the longitudinal axis of the airplane and the direction
of motion (flightpath or relative wind). It is normally produced by rudder forces,
yawing motion resulting from asymmetrical thrust, or lateral gusts.

Silting: The accumulation of particles of contaminants in hydraulic fluid in a hydraulic
component. The particles are smaller than the filter on the inlet side of the component
and tend to settle at various edges and corners of valves and stay there unless washed
away by higher flow rates.

Slat: An aerodynamic surface located on an airplane wing’s leading edge that may be
extended to provide additional lift.

Spoiler: A device located on an airplane wing’s upper surface that may be activated to
provide increased drag and decreased lift.

Standby hydraulic system: An independent hydraulic system that contains its own
electric pump that, when activated, powers the standby rudder system. It also provides
an alternate source of power for both thrust reversers and extends the leading edge
flaps and slats in the “ALTERNATE FLAPS” mode.

Standby rudder system: A system that provides backup control of the rudder when
activated or in the event of a hydraulic system failure. It is powered by the standby
hydraulic system and is unpressurized during normal operations.

Summing lever (in the 737 main rudder PCU):One of two internal levers (primary or
secondary) within the main rudder PCU that applies force to move the servo valve’s
primary or secondary slides, respectively. Also, an external lever that transmits rudder
pedal and trim input to the PCU'’s external input crank.

Vertical motion simulator: A simulator at the National Aeronautics and Space
Administration’s Ames Research Center that is the world's largest motion simulator
(with 60 feet of vertical travel). It can be adapted to represent a large number of
airplanes, helicopters, and spacecraft. The large motion of this simulator provides a
more accurate representation of flight dynamics and accelerations than can be
experienced in the Boeing M-CAB or a normal pilot training simulator.

Wake vortex: A counterrotating airmass trailing from an airplane’s wing tips. The
strength of the vortex is governed by the weight, speed, and shape of the wing of the
generating aircraft; the greatest strength occurs when the wings of the generating
aircraft are producing the most lift, that is, when the aircraft is heavy, in a clean
configuration, and at a slow airspeed. (Also known as wake turbulence.)

Yaw: Rotation of an airplane about its vertical axis.

Yaw control: The function that is normally performed by the rudder by pilot input or yaw
damper input. (Also known as directional control.)

Yaw damper (in the 737 main rudder PCU):A system, composed of the yaw damper
control switch and a yaw damper coupler, that automatically corrects for yaw motion.
The 737 yaw damper coupler includes a rate gyro that senses aircraft motion about the
yaw axis and converts the motion to an electrical signal that is sent to the main rudder
PCU, which applies the rudder to stop the yaw.
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1. Factual Information

1.1 History of Flight

On September 8, 1994, about 1903:23 eastern daylight! tid@Air (now US

Airwaysy flight 427, a Boeing 737-3B7 (737-300), N513AU, crashed while maneuvering

to land at Pittsburgh International Airport (PIT), Pittsburgh, Pennsylvania. Flight 427 was
operating under the provisions of 14 Code of Federal Regulations (CFR) Part 121 as a
scheduled domestic passenger flight from Chicago-O'Hare International Airport (ORD),
Chicago, lllinois, to Pittsburgh. The flight departed ORD about 1810, with 2 pilots,

3 flight attendants, and 127 passengers on board. (Table 1, in section 1.2, shows an injury
chart.) The airplane entered an uncontrolled descent and impacted terrain near Aliquippa,
Pennsylvania. All 132 people on board were killed, and the airplane was destroyed by
impact forces and fire. Visual meteorological conditions prevailed for the flight, which
operated on an instrument flight rules (IFR) flight plan.

The accident occurred on the third day of a 3-day trip sequence for the flight crew.
The pilots reported for duty on the day of the accident about 1215 in Jacksonville, Florida,
and departed Jacksonville International Airport in the accident airplane, designated as
USAIr flight 1181, to Charlotte, North Carolina, about 1310. Flight 1181 arrived at
Charlotte-Douglas International Airport about 1421. The next trip segment, also
designated as flight 1181, departed Charlotte for ORD about 1521. The airplane arrived at
the destination airport about 1707.

At ORD, the accident airplane was designated as USAIr flight 427 with an
intended destination of Pittsburgh and the same flight crew performing flight duties. Flight
427 departed the gate at ORD about 1802, and became airborne about 1810. The flight
plan filed for flight 427 indicated an estimated en route time of 55 minutes. Review of air
traffic control (ATC) and cockpit voice recorder (CVR) informafiandicated that the
captain was performing the radio communications and other pilot-not-flying (PNF) duties
and that the first officer was performing the pilot-flying (PF) duties with the auto-flight
system (AFS) engagéd.

The CVR indicated that, about 1845:31, ATC personnel at Cleveland Air Route
Traffic Control Center cleared USAIr flight 427 to descend from its en route cruise
altitude of flight level (FL) 290 to FL 240The captain responded, “out of two nine oh for

! Unless otherwise indicated, all times are eastern daylight time, based on a 24-hour clock.
2 For consistency, US Airways is referred to as USAIr.

3 A complete transcript of the CVR is included in appendix B of this report.

4 For additional information regarding the AFS, see section 1.6.3.1.

5 FL 290 is 29,000 feet mean sea level (msl), based on an altimeter setting of 29.92 inches of mercury
(Hg). Likewise, FL 240 is 24,000 feet msl.



Factual Information 2 Aircraft Accident Report

two four oh....” As the airplane neared its destination (about 1850:56), Cleveland Center
controllers advised the pilots of USAIr flight 427 to “cross CUTTA [intersectianpnd
maintain one zero thousand....” The flight crew acknowledged the descent clearance, and
the CVR recorded PIT automatic terminal information service information Yankee
beginning about 1851:22.

About 1853:15, the CVR recorded the cockpit door being opened and closed.
About 1853:26, a flight attendant inquired about connecting flight and gate information
and asked if the pilots wanted anything to drink. About 1854:02, the flight attendant exited
the cockpit. About 1854:27, Cleveland Center reiterated the instructions to cross CUTTA
intersection at 10,000 feet mean sea level (msl) and instructed the pilots to reduce the
airspeed to 250 knots. According to ATC and radar information, at that time, Delta Air
Lines flight 1083, a Boeing 727 that had been sequenced to precede USAIr flight 427 on
the approach to PIT from the northwest, was in level flight at 10,000 feet msl with an
assigned airspeed of 210 knots and an assigned heading®oD#&@@ flight 1083 was in
communication with Pittsburgh terminal radar approach control (PIT TRACON)
personnel.

About 1856:16, Cleveland Center stated, “USAir [427] reduce speed to two one
zero [210 knots] that's at the request of [PIT] approach....” About 11 seconds later, the
Cleveland Center controller told the pilots of USAIr flight 427 that they did not have to
make the previously issued crossing restriction (cross CUTTA at 10,000 feet msl), “just
uh, speed first...pd [pilot's discretion] to ten....” About 1856:32, Cleveland Center told
the pilots to “contact PIT approach (on frequency 121.25 Hertz [Hz]).” The captain
acknowledged the instructions about 1856:36 and advised PIT TRACON about 1856:52
that he was “descending to ten [thousand feet msl].”

About 1857:07, the CVR recorded the flight attendant returning to the cockpit and
delivering juice drinks to the pilots. About 1857:23, PIT TRACON responded to the initial
contact from the pilots of USAIr flight 427. The controllers instructed the pilots to turn
right to a heading of 160°, advised them that they would receive radar vectors to the final
approach course for runway 28 right (28R) at PIT, and instructed them to reduce airspeed
to 210 knots. About 1858:03, PIT TRACON instructed the pilots of Delta flight 1083 to
descend to and maintain an altitude of 6,000 feet msl. About 1858:24, the accident
airplane’s CVR recorded the sound of an aural tone similar to an altitude alert and the
flight attendant stated, “OK, back to work.” Flight data recorder (FDR) infornfation
indicated that the airplane was at 10,818 feet msl at that time. About 1858:29, the CVR
recorded the sound of the cockpit door opening and closing.

® CUTTA intersection is located about 30 nautical miles (nm) northwest of PIT and is a northwest
arrival fix for traffic landing at PIT.

" Radar data show that, at their closest point (about 1902:39), Delta flight 1083 and USAIr flight 427
were 4.1 nm apart at 6,000 feet msl. For additional information regarding radar data for airplanes in the
vicinity of the accident site, see section 1.16.2.

8 For more information about the data recorded by the FDR, see sections 1.11.2 and 1.16.6.1.
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About 1858:33, PIT TRACON controllers instructed USAIr flight 427 to descend
and maintain an altitude of 6,000 feet msl. The pilots acknowledged the descent
instructions and, about 1859:04, started to accomplish the Preliminary Landing checklist
(altimeters/flight instruments, landing data, shoulder harnesses, and approach briefing).
The pilots conducted an approach briefing about 1859:28.

According to ATC transcripts, about 1900:06, PIT TRACON instructed Delta
flight 1083 to turn left to a heading of 130° and reduce airspeed to 190 knots. About
1900:14, the approach controllers assigned USAIr flight 427 a heading of 140° and an
airspeed of 190 knots, and the flight crew acknowledged the instructions. About 1900:24,
the CVR recorded a sound similar to the flap handle being nfokbdut 1900:43, the
first officer began a routine public address (PA) announcethéminking the passengers
for traveling with USAIr and asking the flight attendants to prepare the cabin for arrival.
At 1901:06, the CVR recorded a chime similar to the seatbelt chime.

The CVR indicated that, while the first officer was making the PA announcement
(about 1900:44), PIT TRACON instructed Delta flight 1083 to turn left to a heading of
100°. Also during the first officer's PA announcement (about 1901:02), the captain of
USAIr flight 427 asked the controllers “did you say two eight left for USAIr four twenty
seven?” About 1901:06, the PIT TRACON controller responded “...USAIr [427] it will be
two eight right.” About 1901:16, the approach controller advised Delta flight 1083 to
contact approach control on a different frequéicy.

According to the CVR and ATC transcripts, about 1902:22 PIT TRACON stated
“USAir 427, turn left [to] heading one zero zero. Traffic will be [at your] one to two
o’clock [position, and] six miles, northbound, [a] Jetstream climbing out of thirty-three
[hundred feet msl] for five thousand [feet msf. The pilots of USAIr flight 427
acknowledged the approach controller’s transmission at 1902:32 and stated, “We're
looking for the traffic [and] turning to one zero zero, USAIir 427.”

9 According to USAIr personnel, the standard configuration for a 737-300 airplane operating at an
airspeed of 190 knots during an approach to land would be flaps 1, which provides for partial extension of
the wing leading edge slats and full extension of the Krueger (leading edge) flaps and 1° of extension of the
wing trailing edge flaps. During postaccident examination, the accident airplane’s flaps were found in the
flaps 1 position (see section 1.12).

19 FDR data indicated that, when the first officer started the PA announcement, the airplane was
descending through 7,800 feet msl.

11 Review of the ATC transcripts indicated that USAIr flight 427 and Delta flight 1083 were using a
common Pittsburgh approach control frequency for approximately 4 minutes 40 seconds. When he was
interviewed after the accident, the captain of Delta flight 1083 stated that he did not recall hearing USAir
flight 427 on the frequency. He described the flight conditions as “good weather, with no turbulence or bird
activity.” He further stated that the horizon was clearly visible and that visibility was not restricted.

12 This traffic was an Atlantic Coast Airlines Jetstream 31, operating as flight 6425 and departing the
Pittsburgh area on a 360° heading. Although ATC issued a traffic advisory to Atlantic Coast flight 6425
regarding “traffic at 11 o’clock” (USAIr flight 427), the captain and first officer of the Jetstream stated that
they did not see flight 427. The captain of Atlantic Coast flight 6425 recalled seeing traffic at his 12:30 to
1 o'clock position, which he believed to be a 727. This position and type of airplane was consistent with that
of Delta flight 1083.
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FDR data indicated that, about 1902:53, USAIr flight 427 was rolling out of the
left bank (moving through 7° of left bank toward a wings-level attitude) as it approached
the ATC-assigned heading of 100° and was maintaining the ATC-assigned airspeed (190
knots) and altitude (6,000 feet msl). According to the CVR transcript, about 1902:54 the
first officer stated, “oh, ya, | see zuh JetstreainAs the first officer finished this
statement (about 1902:57), the CVR recorded a sound similar to three thumps in
1 second the captain stating “sheeez” (at 1902:57.5), and the first officer stating “zuh”
(at 1902:57.6}° Between about 1902:57 and about 1902:58, FDR data indicated that
USAIr flight 427’s airspeed fluctuated from about 190 knots to about 193 knots and then
decreased to about 191 knots for the next 4 seconds. Between about 1902:57 and about
1902:59, FDR data indicated that the airplane’s left bank steepened from slightly less than
8° to slightly more than 20°. Figure 1 shows a plot of the FDR data during the last 30
seconds of the flight, along with CVR comments and sotfnélbout 1902:58, the CVR
recorded an additional thump, two “clickety click” sounds, the sound of the engine’s noise
getting loudet and the sound of the captain inhaling and exhaling quickly one time. Also
about 1902:58, the FDR recorded a brief forward movement of the control column.

About 1902:59, the left roll was arrested, and the airplane began to briefly roll
right toward a wings-level attitude; FDR data show that, between about 1902:59 and about
1903, the airplane’s left bank had decreased to about 15°). Also about 1902:59, the
airplane’s heading data, which had been moving left steadily toward the ATC-assigned
heading of 100°, began to move left at a more rapid rate, passing through the 100°
heading. At 1902:59.4, the CVR recorded the captain stating “whoa” and, at 1902:59.7,
the sound of the first officer grunting softly. By just after 1903:00, the airplane had begun
to roll rapidly back to the left again; its airspeed remained about 191 knots. FDR heading
data indicated that, by 1903:01, the airplane’s heading had moved left through about 089°
and continued to move left at a rate of at least 5° per second until the stickshaker activated
about 1903:08. Between about 1903:01 and about 1903:04, the CVR recorded the sound
of the first officer grunting loudly and making brief exclamatory remérigile the
airplane continued to roll left, with several fluctuations in the roll rate.

13 The 737 has three windows on each side of the cockpit. These windows consisted of a forward-facing
windscreen, a window located at the pilot’s side, and a middle window (located between the forward and
side windows). Postaccident examination of radar data and simulations revealed that the Jetstream traffic
would have been visible at that time through the lower part of the middle window on the first officer’s side
of the airplane.

1 These sounds (and other sounds that occurred during the upset sequence) are discussed in detail in
section 1.16.7.

151n this report, CVR comments and noises, which are recorded continuously and can be accurately
transcribed to the nearest one-tenth of a second, are depicted to the nearest one-tenth of a second during
descriptions of the upset sequence portion of the flight for detail and clarity. FDR data are sampled at
specific times and intervals, which vary depending on the parameter; therefore, FDR times in this report are
referenced to the nearest full second.

18 The CVR time equals the FDR time in seconds plus 1900:43 (local time).

17 The sound of the engine noise getting louder was determined from a spectrum analysis of sounds
recorded on the CVR (see section 1.16.7.3). This sound cannot be discerned simply by listening to the CVR
and is therefore not described on the CVR transcript.

18 The pilots’ speech, breathing, and other sounds are discussed in greater detail in section 1.16.8.
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Figure 1. FDR data during the final 30 seconds of USAIr flight 427.
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FDR information revealed that, just before 1903:03, the airplane’s left bank angle
had increased to about 43°, the airplane had begun to descend from its assigned altitude of
6,000 feet msl, the control column had started to move aft, and the airspeed started to
decrease below 190 knots. Less than 1 second later, the CVR recorded the sound of the
autopilot disconnect horn. During the next 5 seconds, the FDR recorded increasing left
roll, aft control column, decreasing altitude, and a decreasing airspeed to about 186 knots.

Also between 1903:02.7 and 1903.07.7, the CVR recorded several brief remarks
on the flight crew channels. At 1903:07.5, the CVR recorded a sound of increasing
amplitude similar to onset of stall buffet and the captain stating “what the hell is this?”
The CVR transcript indicated that, at 1903:08.1, a vibrating sound similar to aircraft
stickshaker started and continued until the end of the recording. At 1903:08.3, an aural
tone similar to an altitude alert sounded, and 1 second later, the traffic alert and collision
avoidance system sounded “traffic trafffé.”

According to the ATC transcript, a radio transmission from USAIr flight 427 about
1903:10 stated, “Oh (unintelligible) Oh [expletivéf. The approach controller reported
that, at that time, flight 427’s altitude readout on the radar screen indicated 5,300 feet.
About 1903:14, the controller stated “USAir 427 maintain 6,000, over.” About 1903:15,
the CVR transcript indicated that the captain made a radio transmission, stating “four
twenty seven emergency.” Between 1903:18.1 and 1903:19.7, the CVR recorded the
captain stating “pull...pull...pull.” From about 1903:09 to about 1903:22, the first
officer’s radio microphone was activated and deactivated repeatedly, so the ATC tapes
recorded exclamations and other sounds from the accident airplane. During postaccident
interviews, air traffic controllers who were in the tower cab when the accident occurred
reported that they observed dense smoke rising to the northwest of the airport shortly after
USAIr flight 427’s final transmission. The CVR stopped recording at 1903:22.8.

About 1903:23, the airplane impacted hilly, wooded terrain near Aliquippa,
Pennsylvania, approximately 6 miles northwest of PIT. The location of the accident was
40° 36 minutes, 14.14 seconds north latitude, 80° 18 minutes, 36.95 seconds west
longitude at an elevation of about 930 feet msl. The accident occurred during daylight
hours.

19 The traffic alert and collision avoidance system is an airborne system based on radar beacon signals
that operate independent of ground-based equipment. Although it was not possible to positively determine
what triggered the system’s alert, radar information indicated that, during the accident sequence, USAIr
flight 427 was within about 3 miles of Atlantic Coast flight 6425 when the accident airplane descended
through the Atlantic Coast flight's altitude.

20 The CVR transcript also indicated that the pilots of USAIr flight 427 made a radio transmission to
ATC about 1903:10 and that the captain’s cockpit microphone recorded the statement, “Oh God...Oh God.”
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1.2 Injuries to Persons
Table 1. Injury chart.

Injuries Crew Passengers Others Total

Fatal 5 127 0 132

Serious 0 0 0 0

Minor/None 0 0 0 0

Total 5 127 0 132

1.3 Damage to Aircraft

The airplane was destroyed by ground impact and postcrash fire. According to
insurance company records, the airplane was valued at $30 million.

1.4 Other Damage

No structures on the ground were damaged. Trees and vegetation near the accident
site were destroyed or damaged by the impact, fuel blight, and postcrash fire and during
wreckage removal.

1.5 Personnel Information

The flight crew consisted of the captain and the first officer. Three flight attendants
were also on duty aboard the airplane. The 3-day trip sequence during which the accident
occurred was the first time the captain and the first officer had flown together.

Both pilots were off duty on Monday, September 5, 1994 (Labor Day holiday).
According to their wives, both pilots spent their off-duty time relaxing with family and
friends and received a normal amount of slebpfore they reported for flight duty.

The pilots reported for duty in Philadelphia, Pennsylvania, on Tuesday,
September 6, about 1615 for the 3-day trip sequence. On the first day, the pilots flew to
Indianapolis, Indiana, returned to Philadelphia, and then continued to Toronto, Ontario,
Canada. They arrived in Toronto about 2310, completed their flight-related duties about
2327, and remained in Toronto overnight. According to the flight logs, the pilots’ duty
time for the first day of their trip sequence was about 7 hours 12 minutes, including about
4 hours 56 minutes of flight time. At Toronto, the pilots had a scheduled layover of about
14 hours 30 minutes.

21 The captain’s wife reported that he normally slept about 7% hours each night when he was not
working. She indicated that, on September 4 and 5, the captain went to bed between 2300 and 2400 and
awoke between 0700 and 0800 the following mornings. The first officer’s wife reported that he normally
slept about 8 hours each night when he was not working. She indicated that, on September 4, the first officer
went to bed about 2200 and awoke about 0630 the next morning; on September 5, he went to bed about 2200
and awoke earlier than usual (about 0500) the next morning to begin the commute from his home near
Houston, Texas, to Philadelphia, Pennsylvania, to report for duty later that day.
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On the second day of the trip sequence (Wednesday, September 7), the pilots’ duty
period began about 1400 at Toronto. They flew to Philadelphia, then Cleveland, Ohio;
then Charlotte, North Carolina; and then Jacksonville, Florida. They arrived in
Jacksonville about 2254, completed their flight-related duties about 2321, and remained in
Jacksonville overnight. According to the flight logs, the pilots’ duty time for the second
day of their trip sequence was about 9 hours 21 minutes, including about 5 hours
16 minutes of flight time. At Jacksonville, the pilots had a scheduled layover of nearly
13 hours before reporting for duty about 1215 on Thursday, September 8.

1.5.1 The Captain

The captain, age 45, was hired by USAir on February 4, 1981, while on furlough
from Braniff Airways. He held airline transport pilot (ATP) certificate No. 1954135 with a
multiengine land airplane rating and a type rating in the 737. Additionally, he held a flight
engineer certificate and a commercial pilot certificate with single-engine land,
multiengine land, and instrument ratings. The captain’s most recent first-class Federal
Aviation Administration (FAA) airman medical certificate was issued on July 9, 1994,
with no restrictions or limitations.

The captain’s initial flight experience was in general aviation, and he obtained a
private pilot certificate in August 1969. He subsequently entered the U.S. Air National
Guard and successfully completed the U.S. Air Force (USAF) pilot training prégram
December 1973. The Safety Board was unable to review the captain's USAF training and
flight records from before September 3, 1975, because, according to a USAF
representative, flight records dated before then (including the captain’s initial training
records) had been destroyed. The captain’s available military flight records indicated that,
between September 3, 1975, and March 15, 1979, he accumulated about 894 hours of
military flight time, including 227 hours of training and 667 hours in the Cessna O-2
observation airplan&.

The captain obtained a commercial pilot certificate in June 1974, a flight engineer
certificate on July 28, 1976, and an ATP certificate with a type rating in the 737 on
August 25, 1988. He was hired by Braniff Airways on October 17, 1977. His initial
assignment with Braniff was as second officer on a Douglas Aircraft Company DC-8. On
December 1, 1980, the captain was furloughed by Braniff. Two months later, the captain
was hired by USAir. As he neared the end of the required 1-year probation period at
USAIr, the captain submitted a letter of resignation to Braniff on January 25, 1982, with an
effective date of February 4, 1982. Braniff personnel records indicated that the captain
would be considered for rehire.

The captain’s first assignment with USAir was as a flight engineer on the 727. He
was upgraded to first officer on the British Aerospace Corporation (BAC) 111 in

22 The USAF provides pilot training for Air National Guard personnel.

% The Cessna O-2 is the military version of the Cessna 337, an in-line thrust, twin reciprocating engine-
powered airplane. The Cessna O-2 is used in forward air control observations and is not approved for
aerobatic maneuvers.
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November 1982. He transitioned to the 737 in September 1987 as a first officer and was
upgraded to captain on the 737 on August 25, 1988. According to USAIr records, at the
time of the accident, the captain had flown approximately 12,000 flight hours, including
3,269 hours as a 737 captain. He also had 795 flight hours as a 737 first officer.

USAIr recordsindicated that the captain was on extended sick leave from
January 25 to April 28, 1994, because of back surfdemhen he returned to flight duty,
the captain underwent 737 requalification and crew resource management (CRM)
training, which he completed on April 29, 1994. The captain’s most recent line check was
completed on May 6, 1994, and his most recent line-oriented flight training (LOFT) was
completed on July 19, 1994.

A review of USAIr's training records indicated that the captain performed
satisfactorily in initial, recurrent, CRM, and LOFT training and line and proficiency
checks in all airplanes and all positicAsAdditionally, a review of the captain’s USAIr
personnel records, FAA airman certification records, and FAA accident/incident and
violation histories revealed nothing noteworthy. During postaccident interviews, several
check airmen, instructors, and first officers who were acquainted with the captain and his
piloting abilities indicated that the captain was meticulous, very proficient, very
professional, and attentive to detail and that he flew “by the book.” They also reported that
the captain was well liked and exhibited excellent CRM skills.

According to his wife, the captain did not complain of back pain after he returned
to flight duty. She stated that he took no medication, other than allergy injeCtiams,
drank alcohol rarely. She considered his overall health to be “very good.” A review of the
USAir-sponsored insurance company medical records revealed that, during the 5 years
before the accident, the medical claims submitted by the captain indicated no significant
illnesses or hospitalizations except for the back surgery shown in company records.

The Safety Board’s review of the captain’s available flight records (civilian and
post-1975 military records) revealed no documentation of aerobatic flight expetience.

24 The captain underwent back surgery in March 1994 to remove a ruptured disk.

2 Although the captain’s training records indicated that he satisfactorily completed all training and line
and proficiency checks in all airplanes and all positions, the training record from his September 1987
transition from BAC-111 first officer to 737 first officer contained the instructor’s remark, “lI would place at
end of training, [the captain] in [the] lower 10 percent.” During postaccident interviews, the instructor stated
that he did not recall the circumstances that prompted him to make this remark. He further stated that, if the
captain had not satisfied all the requirements, he would have graded the captain’s performance
unsatisfactory.

% During postaccident interviews, the captain’s allergist stated that the captain exhibited mild allergy
symptoms, such as sneezing, runny nose, and postnasal drip, which responded well to allergy injections. The
allergist reported that the captain was current with his allergy injections, having received the most recent one
in August 1994,

2" The Safety Board is aware that the USAF’s initial pilot training program included aerobatic training
in the T-37 and T-38 jet trainers. (No records were available of the captain’s initial training in the Air Force.)
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1.5.2 The First Officer

The first officer, age 38, was hired by Piedmont Airlines in February 1987 and
became a USAir employee after USAir acquired Piedmont Airlines in June 1989. He held
ATP certificate No. 2238867 with single-engine and multiengine land airplane ratings.
Additionally, he held a commercial pilot certificate with single-engine land, multiengine
land, and instrument ratings. The first officer's most recent FAA first-class airman
medical certificate was issued on July 7, 1994, with no restrictions or limitations.

The first officer’s initial flight experience was in general aviation. He was issued a
private pilot certificate in May 1973, multiengine and instrument ratings in December
1980, a commercial pilot certificate in January 1981, and the ATP certificate in October
1982.

The first officer’s initial position with Piedmont Airlines was as a first officer on
the Fokker F.28. He transitioned to first officer on the 737 on May 1, 1989, and remained
in that position after he became a USAir employee in June 1989. At the time of the
accident, the first officer had a total of 9,119 flight hours, including 3,644 flight hours as a
737 first officer. His most recent proficiency check, which included CRM refresher
training, was satisfactorily completed on May 12, 1994.

A review of the first officer's USAir personnel records, FAA airman certification
records, and FAA accident/incident and violation histories revealed nothing noteworthy.
According to his training records, the first officer performed satisfactorily in initial and
LOFT training and line and proficiency checks in all airplanes and all positions. During
postaccident interviews, check airmen, instructors, and captains who were acquainted with
the first officer and his piloting abilities indicated that the first officer was friendly, very
well qualified, and an outstanding first officer who exhibited exceptional piloting skills.
USAIr's Philadelphia-based chief pilot stated that the first officer was a "very dedicated,
professional, dependable person.” One captain who had flown with the first officer
described an in-flight hydraulic system emergency that occurred during one of their
flights. He stated that the first officer remained very calm during the emergency situation.

According to the first officer's wife, he did not take medication and was a
moderate, occasional drinker. She characterized the first officer's overall health as
“excellent.” A review of the USAir-sponsored insurance company medical records
revealed that the first officer had not made any medical claims during the 5 years before
the accident.

Examination of the first officer’s personal logbooks and records did not indicate
any aerobatic flight training or experience. However, his flight logbooks indicated that he
had performed spin recoveries on three occasions in 1973 in a Piper J-3 “Cub” airplane
when he had total flight times between 77 and 93 hours.
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1.5.3 Flight Attendant Information

The lead, or “A” position flight attendant was hired by Piedmont Airlines in May

1989. He completed the USAir Merger Module Training that was required when USAIr
acquired Piedmont Airlines in June 1989. His most recent recurrent training was
satisfactorily completed on June 14, 1994, and he was qualified on the 737-300. The “B”
position flight attendant was hired by Piedmont Airlines in March 1989. She also
completed the USAIir Merger Module Training in June 1989. Her most recent recurrent
training was satisfactorily completed on February 2, 1994, and she was qualified on the
737-300. The “C” position flight attendant was hired by USAir in October 1988. Her most
recent recurrent training was satisfactorily completed on October 14, 1993, and she was
qualified on the 737-300.

1.6 Airplane Information

N513AU, a 737-300 series airplane (model 737-3B7erial number (S/N)
23699, was a pressurized, low-wing, narrow-body transport-category airplane, equipped
with two CFM Internationd? CFM56-3B-2 engines (operated at the CFM56-3-B1 thrust
rating). The No. 1 (left) engine, S/N 725150, had been operated about 13,880 flight hours
since new, including 3,462 flight hours and 2,160 flight cycles since it was overhauled and
installed on N513AU in August 1993. The No. 2 (right) engine, S/N 720830, had been
operated about 16,810 flight hours since new, including 3,789 flight hours and 2,340 flight
cycles since it was overhauled and installed on N513AU in July 1993. At the time of the
accident, the airplane had been operated about 23,846 total hours of flight time and 14,489
cycles. When the accident airplane was manufactured and delivered to USAIr in October
1987, it was registered as N382AU; USAIr re-registered the airplane as N513AU in
December 1987 after the airline acquired Pacific Southwest Airlines (PSA).

The airplane was equipped with an auxiliary fuel tank, which had been deactivated
and held no fuel at the time of the accid®nithe presence of the auxiliary fuel tank
limited the cargo capacity of the aft cargo compartment.

Dispatch records indicate that the airplane held a total of 15,400 pounds of fuel
when it left the gate at ORD and that the estimated fuel consumption for the flight to
Pittsburgh was about 6,400 pounds. According to the USAIr dispatch papers for USAir

2 The 737-300 series airplane is one of several 737 models. Other 737 models include the -100, -200,
-400, -500, -600, -700, -800, and -900. The 737-600 through -900 series airplanes are referred to as the 737
next-generation (NG) airplanes.

2 CFM International is a joint venture engine-manufacturing company formed in 1974 by General
Electric (now General Electric Aircraft Engines) of the United States and Society National d’Etude et de
Construction de Moteurs d’Aviation of France.

30 The accident airplane was equipped with a Patrick Aircraft Tank System auxiliary fuel tank system.
This 425-gallon-capacity auxiliary fuel tank system was located in the forward end of the aft cargo bay.
According to USAir maintenance records, the auxiliary fuel tank was installed in the accident airplane on
October 17, 1987, and was deactivated in accordance with the manufacturer’s procedures on January 10,
1994.
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flight 427, 8 passengers were seated in the first-class cabin, and 119 passengers were
seated in the coach cabin. According to USAIr’s dispatch papers, flight 427’s documented
cargo consisted of 10 boxes of magazines weighing 1,939 pounds. The boxes were loaded
in the forward compartment with about 425 pounds of passenger baggage; the aft cargo
compartment was loaded with 1,275 pounds of passenger baggage. USAir’s dispatch
papers also indicated that the airplane’s gross takeoff weight when it departed ORD was
114,969 pounds. The airplane had a certificated maximum gross weight of 135,500
pounds and a maximum takeoff weight for the departure runway (32L) at ORD of 118,700
pounds. On the basis of Safety Board calculations, flight 427, at the time of the accident,
had an estimated operating weight of 108,600 pounds and a center of gravity of 19 percent
mean aerodynamic chord, which was within the allowable weight and balance envelope
for the approach and landing phase of flight.

1.6.1 Accident Airplane Maintenance Information
1.6.1.1 Inspections

USAIr's FAA-accepted continuous airworthiness maintenance program for its
737s included six specific checks to be accomplished at various calendar or operating time
intervals. The maintenance inspection intervals and the times and dates that those
inspections were last accomplished on the accident airplane were as follows:

* Wheel/Oil Check—Accomplished once every operating day. Accomplished on
the accident airplane during transit check on September 8, 1994, about 5%
flight hours before the accident.

» Transit Check-Accomplished every 35 flight hours or 7 calendar days,
whichever comes first. Accomplished on the accident airplane on September 8,
1994, about 5% flight hours before the accident.

* "A" Check—Not to exceed 200 flight hours. Accomplished on the accident
airplane on August 25, 1994, about 133 flight hours before the accident.

* "B" Check—Not to exceed 1,150 flight hours. Accomplished on the accident
airplane on May 19, 1994, about 1,008 flight hours before the accident.

e "C" Check—Not to exceed 4,600 flight hours. The C check is broken down
into four segments at 1,150-hour intervals. A quarter C check was completed
on the accident airplane on July 20, 1994, about 433 flight hours before the
accident.

* "Q" Check—Not to exceed 11,000 hours or 42 months, whichever comes first.
The initial Q check is not required until 20,000 hours or 80 months, whichever
comes first. The Q check is an approved alternative to the structural inspection
("D" check). Maintenance endorsements for work completed during the
accident airplane’s last Q check were dated February 3 through 5, 1993, about
19 months before the accident.
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A review of the accident airplane’s maintenance records from June 2, 1994, to the
accident date revealed the following five maintenance carryover items:

» the left aft inboard flap assembly was dented,

e an interim repair to correct a soft and spongy aisle floor section adjacent to seat
row number 5 (about fuselage station 360) was needed,

» the attach mount bushing on the thrust reverser “C” duct for the right engine
was worn,

» the lower left and right C duct sliders on the right engine were worn 30 to 49
percent, and

» the lower left and right C duct sliders on the left engine were worn 30 to 49
percent.

Examination of the maintenance work cards from the most recent C and Q checks
noted several reports of lavatory fluid, known as “blue water,” leaking under the sink and
toilet of the forward lavatoryt Additionally, the work cards noted corrosion in the
forward galley floor structure.

Maintenance records for the most recent Q check indicated that a thrust reverser
synchronizer lock (sync-lock) systéhwas installed in accordance with Boeing Service
Bulletin (SB) 737-78-1053, dated December 17, 1992, and USAIir engineering
authorization 18190. However, on February 11, 1993, Boeing issued Service Letter (SL)
737-SL-78-26, which advised all 737 operators to deactivate the sync-lock system (if
installed) because of “the possibility of an intermittent condition which results in the
inability to attain reverse thrust when commanded.” A USAIir work card, dated
February 5, 1993, stated “accomplish...de-activation of T/R [thrust reverser] sync lock
system...[according to] 737-SL-78-28"and referenced USAir engineering authorization
18477, “De-activation of Thrust Reverser Sync Lock System,” dated February 4, 1993.
The system’s wiring harness remained installed with its electrical connectors capped and
secured and the electric synchronizer locks removed. The sync-lock system on the
accident airplane remained deactivated on the date of the acétdent.

31 The last report of blue water leakage on the accident airplane was in May 1994, when blue fluid was
found aft of the main entry door. The area was inspected and cleaned, and no additional leakage was noted.

32 The thrust reverser sync-lock system was designed to minimize the possibility of in-flight thrust
reverser deployment.

33 Boeing's 737-SL-78-26 was dated February 11, 1993, 6 days after USAir’'s maintenance personnel
indicated that they accomplished the deactivation of the thrust reverser sync-lock system (according to work
card No. 3-72-93853, dated February 5, 1993). According to USAir personnel, they deactivated the thrust
reverser sync-lock system in response to an advance copy of 737-SL-78-26, which they received in early
February 1993. The installation and subsequent deactivation were completed during the same maintenance
visit.

34 After the accident, the FAA issued Airworthiness Directive (AD) 94-21-05 R1, which became
effective November 25, 1994. The AD required the installation of the sync-lock feature on all 737-300, -400,
and -500 series airplanes.
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Maintenance records also indicated that the main rudder power control unit (PCU)
was replaced during the last Q check (February 1993) after leakage was observed at the
rear seal. Three of the Q check work cards described the work pertaining to the main
rudder PCU as follows:

Work card No. J3-64-55501-2 indicated that the PCU “reference rod [had]
been scraped against [the] vertical fin liner structure” and that the damaged
area was cleaned up, inspected, and “found to be within limits.”

Work card No. J3-65-27500-2 indicated that the “main bolt which attaches
power control unit to rudder attach point has slight step worn in it.” The
worn bolt was replaced.

Work card No. J3-65-27500-3 indicated that the “rod bearing on [the] PCU
at [the] PCU to rudder attach point has rough feel during operation” and
that the PCU was replaced “due to leakage.”

The replacement main rudder PCU, S/N 1596A, was examined and tested
thoroughly during the accident investigation. (For additional information regarding the
main rudder PCU, see sections 1.6.3.2 and 1.16.5.)

USAIir's maintenance records showed that the periodic rudder functional checks
required by Airworthiness Directive (AD) 94-01-07 (explained in more detail in sections
1.6.3.2.1 and 1.18.5) were successfully performed on the accident airplane three times in
1994. The initial check was performed on March 21, 1994, at 22,368 flight hours and
13,511 flight cycles. Repetitive inspections were performed on June 14, 1994, at 23,100
hours and 13,994 cycles and on August 8, 1994, at 23,572 hours and 14,298 cycles. The
maintenance records also indicated that the accident airplane was in compliance with all
other applicable ADs at that time.

1.6.1.2 Events on Earlier Flights

The accident airplane departed Windsor Locks, Connecfi@ltout 0620 on the
morning of September 8, 1994, and was flown to Syracuse and Rochester, New York;
Charlotte; and Jacksonville (where the accident flight crew boarded). The pilots of the
earlier flights reported no difficulties with the airplane. However, a passenger who was on
the accident airplane when it arrived in Jacksonville reported an "abrupt maneuver" during
the approach to Jacksonville. Subsequent examination of the FDR information for this
approach indicated a roll of 9° to the left followed by a roll of 12° to the right. The FDR
indicated the event, from the beginning of the left roll to the return to wings-level attitude,
occurred over 20 seconds. The pilots of that flight stated that they did not notice any
unusually abrupt maneuvers. They suggested that a slight roll might have occurred as they
changed to different modes of the autopilot, but they had no recollection of an unusual roll
event. The pilots stated that the airplane’s systems and controls functioned normally
during the flight.

% The accident airplane remained in Windsor Locks on the night of September 7, 1994, where a
maintenance transit check was accomplished. Records indicated that only routine service was performed and
that no discrepancies were noted during this inspection.



Factual Information 15 Aircraft Accident Report

The Safety Board also received postaccident passenger reports of an unusual
sound that occurred during the flight immediately preceding the accident flight, from
Charlotte to ORD. An off-duty/commuting USAir captain who traveled on flight 1181
from Jacksonville to Charlotte and then to ORD occupied a seat in the passenger cabin
during the flight from Jacksonville to Charlotte; however, he occupied the observer’s
jumpseat® in the cockpit during the flight from Charlotte to ORD because of a full
passenger load. According to the off-duty captain, during the flight from Charlotte to
ORD, a passenger in the forward cabin told the flight attendant that he heard an unusual
noise, and the flight attendant informed the flight crew of the passenger’s comment. While
the flight crew attempted to determine the origin of the noise, the off-duty captain noted
that the cabin address microphone had come out of its holder. The microphone was
returned to its holder, and there were no further reports of unusual noises.

During the Safety Board’s January 1995 public hearing regarding this actident,
the off-duty USAIr captain indicated that airplane operations during the two flights
appeared to be "normal." He stated that the flight and cabin crew interaction appeared to
be routine and professional and that both pilots seemed to be friendly and in good spirits.
He observed no problems with the airplane and reported that the captain was performing
the PF duties for the leg from Charlotte to Chicago.

1.6.2 Boeing 737 Hydraulic System Information

Hydraulic power on the 737-300 is provided by three independent hydraulic
systems, each of which is capable of operating pressures of about 2,950 pounds per square
inch (psi). The systems are designated as hydraulic system A, hydraulic system B, and the
standby hydraulic system. Hydraulic systems A and B have independent hydraulic
reservoirs and two hydraulic pumps each. Although hydraulic systems A and B normally
operate together to provide dual hydraulic power for primary flight controls (ailerons,
elevators, and rudder), either system is capable of powering the flight controls alone if the
other system fails. Further, if one of the hydraulic pumps in either the A or B systems were
to fail, the remaining pump has sufficient capacity to provide full flight control authority
for its respective system operation.

The 737-300 hydraulic system A is powered by one engine-driven hydraulic pump
(EDP) and one electrical-powered hydraulic pump. Hydraulic system A provides power
for the ailerons, rudder, elevators, landing gear, normal nosewheel steering, alternate
brakes, inboard flight spoilers, left engine thrust reverser, ground spoilers, the A system
autopilot, and the autoslats through the power-transfer unit. The 737-300 hydraulic

36 The cockpit was configured with two crew seats (captain on the left and first officer on the right) with
the throttle/communication/navigation console located between them. The observer seat is located behind
the flight crew seats and console and in front of the cockpit-to-cabin access door.

%" The Safety Board conducted two sessions of its public hearing regarding this accident. The first
session was held in Pittsburgh in January 1995, and the second session was held in Springfield, Virginia, in
November 1995. Although it is unusual for the Safety Board to hold two sessions of a public hearing, the
Board believed that a second session was warranted, given the scope and technical depth of the accident
investigation.



Factual Information 16 Aircraft Accident Report

system B is also powered by one EDP and one electrical-powered hydraulic pump.
Hydraulic system B provides power for the ailerons, rudder, elevators, trailing edge flaps,
leading edge flaps and slats, autoslats, normal brakes, outboard flight spoilers, right
engine thrust reverser, yaw damper, the system B autopilot, autobrakes, landing gear
transfer unit, and alternate nose wheel steering (if installed).

The 737-300 standby hydraulic system is unpressurized during normal operations.
This system is powered by an electric pump and can be activated manually by the pilots by
arming “ALTERNATE FLAPS” or selecting the hydraulic system A or B flight control
switch to “STBY RUD” (standby rudder) on the overhead panel in the co€Kphe
737-300 standby hydraulic system will activate automatically in the event of a loss of
hydraulic system A or B pressure during takeoff or landing. (For automatic operation,
speed must be greater than 60 knots, or the airplane must be airborne with wing flaps
extended.) The standby hydraulic system powers the standby rudder system, provides an
alternate source of power for both thrust reversers, and extends the leading edge flaps and
slats in the ALTERNATE FLAPS mode. In the event of a failure of both hydraulic systems
A and B, the ailerons and elevators can be operated manually without hydraulic power
(referred to as manual reversidiThe rudder has no manual reversion capability but can
be operated with the standby hydraulic systém.

Controls and indicators for hydraulic systems A and B are located on the first
officer’'s overhead panel in the cockpitthey include on/off switches for each pump and
amber lights that indicate hydraulic system low pressure or overheat conditions for the
electrically driven pumps. Figure 2 illustrates the hydraulic system panel.

38 During normal operation, the hydraulic system A and B flight control switches would be in the ON
position, and the ALTERNATE FLAPS switch would be in the OFF position.

3% According to Boeing, manual reversion requires approximately 40 pounds of force at the control
wheel to initiate a roll and approximately 60 pounds of force at the control column to initiate a pitch change.

40 Although the 737 rudder technically has no manual reversion capability, it is possible for a pilot (with
sufficient rudder pedal force) to command some rudder movement with no hydraulic system power.

41 Although located on the first officer’s overhead panel, the hydraulic system control panel is
accessible to both pilots.



Factual Information 17 Aircraft Accident Report

OVERHEAT OVERHEAT
LOW LOW LOW LOW
PRESSURE PRESSURE PRESSURE PRESSURE

ol

R
J FLT CONTROL STANDBY L

A B
Low
STDBY| STDBY || QUANTITY
RUD| (_—_ _— |\ |RUD
Low
OFF OFF PRESSURE
A ON B ON
ALTERNATE FLAPS

OFF
Low Low | up
PRESSURE| PRESSURE

3

HYD 8YS
PRESS

OFF

SPOILER
A B DOWN
ARM C
OFF OFF FEEL DIFF
PRESS
ON ON
SPEED TRIM
\ FAIL
YAW DAMPER MACH TRIM
YAW AUTO SLA

NI

Figure 2. Boeing 737 hydraulic system panel.
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1.6.2.1 Hydraulic System Maintenance

USAIir's maintenance records indicated that the accident airplane had been
serviced at the time of manufacture with Skydrol LD4 hydraulic fluid manufactured by
Monsantd*? According to Boeing, it ensures that the particulate count in the hydraulic
systems of newly delivered airplanes meets the cleanliness requirement of National
Aerospace Standard (NAS) 1638 Class 9. According to NAS 1638, “Cleanliness
Requirements of Fluid Used in Hydraulic Systems,” the “cleanliness limit of the
representative fluid sample from parts, assemblies, lines and fittings shall not exceed the
permissible maximum contamination limits of the specified class...in Table I....” NAS
1638 Table | lists hydraulic fluid cleanliness limits by particle count and size, ranging
from Class 00 to Class 12. Table 2 shows excerpts from the NAStable.

Table 2. Hydraulic fluid cleanliness limits from NAS 1638 Table I.

5-15n 15-25 p 25-50 4 50-100 p >100 p
Class 00 125 22 4 1 0
Class 1 500 89 16 3 1
Class 9 128,000 22,800 4,050 720 128
Class 12 1,024,000 182,400 32,400 5,760 1,024

Boeing's Maintenance Planning Document recommends the replacement of the
hydraulic system A and B filters at C check intervals and the replacement of filters located
at the flight control system PCUs "on conditithtiuring maintenance of the filters’
respective components. USAir's maintenance program incorporated these recommended
replacement intervals.

Boeing’s 737 Maintenance Manual (MM) did not recommend any specific interval
for the sampling or replacement of the hydraulic fluid during the life cycle of the airplane.
However, section 29-15-00 in the MM (pages 601-606), which describes Boeing's
recommended “Hydraulic Systems A, B, and Standby—Inspection Check” procedures
and limits, states the following on page 601 (dated November 15, 1993):

The operational environment of the airplane hydraulic system can affect
the service life of the hydraulic fluid. You make a decision to take a sample
of the hydraulic fluid for analysis if you find that it is necessary from your
service experience.... If the fluid properties are greater than the
limits...replace some quantity of fluid with new fluid until the fluid
properties agree with the limits shown.

42 Skydrol LD4 is a phosphate ester hydraulic fluid. It is part of the Skydrol family of fire-resistant
hydraulic fluids and meets the airframe manufacturer’s specifications for viscosity, flashpoint, and moisture
content as a Type IV fluid. It has been used commercially since 1978.

43 The symbolu in table 2 represents the unit of measurement termed a micron, which is 1/1,000 of a
millimeter. For a point of reference, a 0.5-millimeter mechanical pencil is 500 microns in diameter.

4 Replacement “on-condition” means that the component or part is removed/replaced only after a
defect or anomaly is noted during an inspection. The replacement is not based on a time or cycle limit.
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During postaccident discussions, Boeing personnel stated that fluid sampling (or
replacement/replenishment) intervals were to be established by the operator (along with
the operator’s hydraulic fluid supplier) based on service experience and the operational
environment. USAir's maintenance program did not include a requirement to sample or
replace the hydraulic fluid in the systems, and such sampling or replacement of hydraulic
fluid were not required by the FAA. The Safety Board examined hydraulic fluid samples
from the accident airplane during the investigation (see section 1.16.5.4.3 for @etails).

1.6.3 Boeing 737 Flight Control Systems

The flight controls on the 737 are the ailerons, flight spoilers, elevators, horizontal
stabilizer, rudder, flaps, and slats. Flight control about the longitudinal (roll) axis of the
airplane is provided by an aileron on each wing assisted by two flight spoilers. Flight
control about the lateral (pitch) axis is provided by the horizontal stabilizer and two
elevators. Flight control about the vertical or directional (yaw) axis is provided by the
single-panel ruddéf. The ailerons and flight spoilers (roll control) are operated by
moving the control wheel clockwise or counterclockwisthe elevator (pitch control) is
operated by moving the control column forward or aft, and the rudder (directional/yaw
control) is operated by moving either the right or left rudder pedal forward or aft. Figure 3
depicts the three axes of motion, and figure 4 shows the flight control surface locations.

Boeing stated that the 737 roll and yaw control systems were designed to be
capable of countering the effects of failures (such as loss of power on one engine, flap and/
or slat asymmetries, and hydraulic system failure) and achieve the desired crosswind
control capability. According to Boeing, the 737 is aerodynamically cross-coupled (as are
most airplanes); that is, motions about the roll and the yaw axes constantly interact and
affect each other in flight. Thus, any yawing motion (sideslip) would cause the airplane to
roll unless countered by the control wheel. The 737 rudder system is discussed in greater
detail in section 1.6.3.2.

1.6.3.1 Auto-Flight System

When engaged, the 737-300 AFS provides control commands to the airplane’s
ailerons, flight spoilers, horizontal stabilizer, and elevators to reduce pilot workload and
provide for smoother flight. The AFS does not provide control commands to the airplane’s
rudder system. A yaw damper system automatically stabilizes the airplane about its yaw
axis by limiting yaw motions caused by atmospheric disturbance or the airplane (an

45 0On October 18, 1996, the Safety Board issued Safety Recommendation A-96-116, asking the FAA to
“define and implement standards for in-service hydraulic fluid cleanliness and sampling intervals for all
transport-category aircraft.” See section 1.18.11.5 for a full discussion of the FAAS response to this
recommendation.

6 For more information about the 737 rudder design, see section 1.6.3.2.

47 A clockwise control wheel input commands roll in a right-wing-down (RWD) direction, whereas a
counter-clockwise control wheel input commands roll in a left-wing-down (LWD) direction. In this report,
clockwise and counter-clockwise control wheel inputs will be described as right and left control wheel
inputs, respectively.
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Figure 4. Boeing 737 flight control surface locations.
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inherent characteristic of all swept-wing airplanes). Section 1.6.3.2 contains additional
details about the yaw damper system. Rudder trim control during flight is maintained by
the pilots with automatic assistance from the yaw damper.

The AFS consists of the autopilot flight director system and the autothrottle.
Within the autopilot flight director system, commands from two flight control computers
move the related flight controls (elevators, stabilizer trim, ailerons, and flight spoilers)
through the hydraulic systems. The autopilot flight director system mode control panel
(MCP) is located on the glareshield between the pilot positions and provides coordinated
control of the autopilot and flight director (FEf)The MCP contains power switches;
indicator lights; flight mode selectors; and airspeed, altitude, vertical speed, heading, and
bank angle selectors/displays. Figure 5 shows a 737 MCP display. The autothrottle moves
thrust levers to maintain airspeeds and/or thrust settings selected by the pilots and/or
calculated by the flight management computer. The autothrottle is armed by a switch on
the MCP and is activated by the takeoff/go-around (TOGA) switches on the throttles.

COURSE IASMACH \/NA\/ HEAD\NG LNAV ALTITUDE VERT SPEED APENGAGE COURSE

? éo (280 130 D@lgo ooﬂ A 125

SPEED L\/LCHG HDG SEL APP ALT HO LD A7)

Note: Autothrottle is depicted as A/T, and autopilot is depicted as A/P.

Figure 5. Boeing 737 MCP display.

Page 14-15-1 of USAir's 737-300 and -400 Pilot's Handbook, under the heading
“Autopilot Engagement Criteria,” states that the two autopilot flight control computers are
engaged with separate switches, each of which can be in one of three positions:
mechanically latched in the OFF position, magnetically held in the control wheel steering
(CWS) or in the command (CMD) positi6hpr magnetically released from the CWS or
the CMD position. According to Boeing’s 737 Pilot's Handbook, manually overriding
autopilot commands with the control wheel or control column does not disengage the
autopilot but shifts autopilot control from CMD to CWS mdfiédanual override can
shift the autopilot from CMD to CWS in the pitch and roll axes separately or together,
depending on the inputs made by the pilot. When the airplane is operating in the CWS
mode and the pilot is not exerting force on the control column or control wheel, the

“8 The FD provides command bar “pointers” on the attitude indicator display to guide pilots when hand
flying the airplane.

49 With CWS engaged, the autopilot maneuvers the airplane in response to control pressure applied by
either pilot. The control pressure is similar to that required for manual flight, and the use of CWS does not
disengage the autopilot. With CMD engaged, the autopilot will control the airplane according to the mode
selected via the Mode Selector Switches, which include Altitude Hold, Vertical Speed, Level Change,
Vertical Navigation, VOR Localizer, Lateral Navigation, and Heading Select.

%0|f both autopilots are engaged (that is, for a dual-channel autoland operation), the autopilots will not
shift from CMD mode to CWS mode.
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autopilot will attempt to maintain constant pitch and bank attitude or, under certain
circumstances, to roll level and maintain the previously selected altitude.

A magazine article published in Boeing’s October through December 1995 issue
of Airliner, entitled “737 Directional Control System,” stated that when a “force of
10 pounds is applied to the yoke, the control wheel moves and the autopilot reverts into
CWS [mode].” The article indicated that the autopilot would continue to function in the
CWS mode until the CMD mode was reselected or the autopilot was disengaged. The
article also stated the followirtg:

Normally in CWS, pilots use wheel input rates of 5 to 10 degrees per
second. If the wheel is turned at a high rate (40 degrees per second, or
more), then the force required to turn the wheel approximately triples. This
happens because the autopilot actuators can not respond fast enough and
are being forced by the pilot’s input. So, for a very quick wheel motion, the
lateral control forces can noticeably increase, but the corresponding roll
rate doesn't.

According to USAir's 737-300/400 Pilot's Handbook, the autopilot disengages
under the following circumstances:

» Pressing either [autopilot] disengage switch.

* Pressing either TOGA switch with a single [autopilot] engaged in CWS or
CMD below 2,000 feet RA [radio altitude].

» Pressing either TOGA switch after touchdown with both [autopilots] engaged
in CMD.

* Moving the [autopilot] engage switch to OFF.

» Activating either pilot’s control wheel trim switch.

* Moving the stabilizer trim autopilot cutout switch to CUTOUT.
» Loss of respective hydraulic system pressure.

» Either left or right IRS [inertial reference system] failure or FAULT light
illuminated.

» Loss of electrical power or a sensor input which prevents proper operation of
the engaged [autopilot] and mode.

Page 14-55-1 of USAir's 737-300/400 Pilot's Handbook describes the autopilot
disengage switches, which are located on the outer grips of each control wheel. The
handbook states that, if a pilot presses the autopilot disengage switch on either control
wheel, the switch “disengages both [autopilots]. [Autopilot] disengage lights flash and
[autopilot] disengage warning tone sounds for a minimum of 2 seconds. Second push
extinguishes [autopilot] disengage lights and silences disengage warning tone.”

51 This description of control wheel forces was supported in a September 26, 1995, letter from Boeing’s
Director of Air Safety Investigation to the Safety Board.
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1.6.3.2 Rudder Control System

The 737-300 has a single rudder panel actuated by a single hydraulic rudder PCU.
A standby rudder actuator is available to move the rudder if hydraulic systems A and/or B
fail. According to a Safety Board review of large transport-category airplanes (including
Boeing, McDonnell Douglas, Airbus, and Lockheed models), the 737 is the only twin
wing-mounted engine, large transport-category airplane designed with a single rudder
panel and single rudder actuator. All other large transport-category airplanes with twin
wing-mounted engines were designed with a split rudder panel, multiple hydraulic
actuators, or a mechanical/manual/trim tab rudder actuation system.

Pilot control of the 737-300 rudder is transmitted in a closed-loop system from the
pilots’ rudder pedals in the cockpit through a single cable system to the airplane’s tail
section and then through linkages to the main rudder PCU and a standby rudder PCU in
the aft portion of the vertical stabilizer. The rudder pedals at each pilot position are located
on either side of the control column stem, which is protected within a housing (commonly
termed the “doghouse” by 737 flight crews) that is located between each pilots’ lower legs
at the pilot positions. Figures 6 and 6a show the 737 rudder system.

Captain’s Rudder Pedals

ﬂ“‘x 'J_,-'" wil g B Left Rudder Motion
Switch and Indicator - . Standby Rudder PCU\ ; /

Rudder Hinge
Line

& Rudder Control Cables Rudder Main PCU

Aft Rudder Power

Feeland Control Unit Input Rod

Centering Unit Electric Rudder Trim Actuator

Figure 6. Boeing 737 rudder system.
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Figure 6a. Detailed view of 737 aft rudder system controls and linkages.

According to Boeing personnel, because of the engine placements on the wings,
the 737 rudder has to be sufficiently powerful to effectively counter the effects of a loss of
engine power on one side during a maximum gross weight takeoff at low airspeeds,
especially in crosswind conditions. A loss of engine power on one side of the airplane
would result in a large yawing moment, in the direction of the inoperative engine,
produced by thrust from the operating engine. The loss of engine power can be countered
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by a rudder input in the opposite direction (for example, left pedal input to counter loss of
power on the right enginéj.

When properly installed and rigged, the 737-300 main rudder PCU can command a
maximum deflection of 26° to the right and the left of the rudder’s neutral position (under
no aerodynamic load conditions); the rudder can travel to those limits at a maximum rate
of 66° per second. (The 737 main rudder PCU is capable of producing about 5,900 pounds
of output force to move the rudder when both hydraulic systems are operating at their
normal operating pressure—2,950 psi each.) The rudder pedals move about 1 inch (from
their neutral position) for every 6.5° of rudder surface travel (under no aerodynamic load
conditions) until the rudder pedals reach their maximum travel of about 4 inches
(backward and forward) from the neutral position. The rudder pedal stops at the pilots’
forward rudder control quadrant are set to provide a mechanical stop at 28° of rudder
travel (exceeding the rudder’s travel authority) because compliance in the cable system
(cable stretch) may require rudder pedal travel beyond the 4-inch limit to achieve the full
travel rudder movement of 26°. With the aerodynamic loads encountered in flight, the
available amount of rudder surface travel is reduced. The maximum amount of rudder
travel available for an airplane at a given flight condition/configuration is referred to as
the rudder’s “blowdown” limi3

The rudder feel and centering unit is attached to the aft rudder torque tube in the
vertical fin, forward of the main rudder PCU (see figure 6). This unit holds the rudder at
the neutral (or trimmed) position when no rudder pedal force is applied. It also provides a
feedback force to the rudder pedals that increases as the rudder pedals are depressed. The
pilot rudder pedal force required for full rudder deflection is about 70 pounds; however,
the rudder trim system allows the pilots to maintain a rudder deflection without having to
maintain a rudder pedal force.

During normal and abnormal operations, the rudder can be moved beyond the
movement commanded by the hydraulic actuator through a pilot’s application of force on
the rudder pedals. (Normal operation of the rudder refers to the rudder’s motion, or lack
thereof, resulting from normal PCU servo valve operation. Abnormal operation refers to
the rudder’s motion that results from a PCU servo valve that is functioning abnormally, for
example, because of a rudder jam and/or revét&udth types of operation can include
rudder movement within the range of the rudder authority on the ground and/or to the
rudder’s in-flight blowdown limit.)

52 The rudders on airplanes with fuselage-mounted engines are typically less powerful than the rudders
on airplanes with wing-mounted engines. The rudders for fuselage-mounted engine airplanes do not have to
be designed to counter as significant an asymmetrical thrust effect in the event of a loss of power on one
engine. Because the rudder on airplanes with fuselage-mounted engines is less powerful, the consequences
of a rudder hardover are less serious; thus, the Safety Board’s investigation did not consider this type of
airplane.

3 Rudder blowdown is the maximum rudder angle resulting from a pilot-commanded full rudder input
under the existing flight conditions. It represents a balance between the aerodynamic forces acting on the
rudder and the mechanical forces produced by the PCU. The maximum rudder angle can be increased
beyond that produced by the hydraulic force if the pilot exerts sufficient force on the rudder pedals.

5 Rudder reversals are discussed in section 1.16.5.4.7.
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During normal rudder operation, if a pilot applies a sufficiently rapid rudder pedal
input (the rudder pedal must move faster than the PCU’s ability to respond to the input),
the PCU input crank would contact the PCU external body stop (manifold stop),
transmitting force from the rudder pedal input to the rudder surface through the main
rudder PCU and the rudder system's linkages. Also, the additional force applied by the
pilot would increase the rudder PCU output force, moving the rudder farther in the
intended direction of travel. The rudder feel and centering unit would oppose the rudder
pedal force (decrease the force applied by the pilot’s*foet)h about 9 to 70 pounds of
force, depending on how far the rudder is away from its centered position.

During normal operation of the rudder in flight, if a pilot applied between 9 and 70
pounds of force to a rudder pedal, the rudder would move in response until it reached its
blowdown limit (when the aerodynamic forces acting on the rudder surface equal the
hydraulic actuator force). According to Boeing engineers, if the pilot were to then apply
additional force to the rudder pedal, the pedal would move about 1 inch farther, with no
corresponding movement of the rudder, as the slack in the rudder linkage system is
removed and the external input crank contacts the external stop. Any additional pilot
application of force to the rudder pedal would result in rudder pedal movement of about
1 inch for each 300 pounds of rudder pedal force, which in turn would move the rudder
surface slightly beyond the maximum deflection possible from the hydraulic actuator force.

During a servo valve jam/rudder reversal, the rudder pedal force from a pilot
resisting the jam would cause the rudder to move in the direction opposite the jam (toward
the rudder’s neutral position). The feel and centering unit would add to the rudder pedal
force. As a pilot applied force to a rudder pedal in opposition to the jam/reversal, the first
inch of movement of the pedal would cause the PCU input crank to move to the PCU
manifold body stop. After the PCU input crank contacts the manifold body stop,
approximately 300 additional pounds of pilot rudder pedal force would be required to
move the rudder pedal each additional 1 inch of travel until the rudder pedal contacts the
forward quadrant stops. Pilot rudder pedal force in opposition to a jammed/reversing
rudder malfunction would reduce the deflection of the rudder.

The 737 rudder trim system allows the pilots to command a steady rudder input
without maintaining foot pressure on the rudder pedals. The primary purpose for rudder
trim is to compensate for the sustained large yawing moments generated by asymmetric
thrust in an engine-out situation. Pilots also sometimes use a small amount of rudder trim
during normal flight to compensate for slight yawing moment asymmetries, such as those
caused by flight control and engine rigging imperfections. To trim the rudder on the
737-300, -400, and -500, the pilot uses an electrical trim motor activated by the trim
switch located on the flight deck center pedestal. The rudder trim switch activates an
electric rudder trim actuator (located near the aft control torque tube in the vertical fin)
that rotates the feel and centering unit, thus changing the neutral, or zero, position of the
rudder®® The 737-300 electric rudder trim moves the rudder at a rate of about 0.5° per

55 USAF ergonomic studies indica